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Best multa  are^ obtained when simultaneous readin 

base of the hill or mountain. 
The average of t h e  or more simultaneous readin 

taken at 15 minutes or half hour intervals ordinari 
will give better results than can be obtained from s d  
reabgs. .  

If the base station is located near by and all readin 

such as those published in “Smthsonian Meteorolo ical 

mometer and shade air temperatures also, for use in cor- 
recting and reducin the readings. 

inch d8erence in air pressure is equivalent roughly to 
1,000 feet difference in altitude, whde in the temperate 
zone where the air is cooler and denser an inch difference 
in pressure may equal only 850 or 900 feet. difference in 
altitude. For this reason the arbitrary fixed dtitude 
scdes on aneroids are not reliable for varying temperature 
conditions. 

If it is not possible to take simultaneous readings at a 
near-b base station, the pressure at the lower station 
must t e estimated. Under these conditions less accu- 
rate results will be obt.ained. 

The accompanying plate (No. 2) shows typical winter 
rasure curves for temperate zone and tropical climates. 

h e  large irregular pressure fluctuations in the temperate 
zone make it extremely difEcult to determine elevations 
accurately from barometric readings unless simultaneous 

at a near-by base station can be-made. 
In  e Tropics the barometric rasure is so constant, 

except for regular, well-marke f diurnal fluctuations, 

and fairly p o d  altitude determinations can be ma i? e 

are made at; a near-by station of known elevation at t r e 

P 

are accurate1 made it should be possible to Sgure t f? e 
diBerence in e s evation very closely using reduction tables 

Tables.” It is important to record the attached t f er- 

In the Tropics w I ere the air is warm and lght one 

that the sea-level pressure can be estimated dosd 

without talung simultaneous pressure readings at a near- 
by base station. 

The following results were obtained in the Canal Zone, 
elevations being determined from the average of six 
mercurial barometer readings taken simultaneously at  
the upper and lower stations. 

................................................... 654 AlloonHill 
Cern, Q d o  .................................................. 972 

It will be seen that the elevations obtained b barom- 

by tr iaydatmn to be correct). 
Indivi ual readings varied but slightly from the mean 

of all readings, as may be seen from the following table: 

eter were off less than 1 per cent (assuming the e .y evations 

~~ 

Carrectedstetion 
Indicatec 
dltIer- -. 

M. M. 
Hill. 

Inchen. Inchca. Feci. ............................... ............................... ................................ 

Tlme. 

lA5p.m. 29.038 20.078 M2 
3 ~ p . m .  28.641 20.077 I 8  
216p.m 28.641 20.078 I 7  
220p.m ................................ 29.810 Z9.07l 573 
l ~ p . m .  ............................... 20.641 28.083 I n  
8M)p.m. ............................... 28.638 29.069 673 
3 l6p .m ................................ 
Avengedallmdnm. 

I DlUe~mm in feet plm 91 feat (elantion of Aneon Sbtlan). 

hdicated 
altitude 
of Anm 

HLLI.1 

Fed. 
054 
860 
669 
885 
861 
085 
867 

059 

These determinations were made under the mpBt 
favorable conditions, the base station at Culebra bang 
not more than 2 miles distant from Cemo Gordo, and the 
base station at Ancon less than a mile distant from 
Ancon Hill. Actual field work would often have to be 
performed under less favorable conditions, with base 
stations farther distant or unavailable, in which case 
less accurate results would be obtained. 

COMPARISON OF SNOW-BOARD AND RAINOAOECAN 
MEASUREMENTS OF SNOWFALL. 

By ROBEET E. HOETON. 
[Voorheeaville, N. Y., W. 17.1920.) 

The unusual accumulation of snow in eastern New 
York afforded an opportunity for cornpanson of the 
accuracy of measurements of snoyfall by two different 
methods in common use. The rain gage overflow can 
and the snow board were both exposed on the ice near 
the center of a pond at  the author’s laborato 
bein about 100 feet wide and several hun red feet in 
lengk, in an easterly and westerly direction. The north 
slo e to the pond ran es from 10 to 20 feet per hundred, 

trees and \ rush. The south bank is abrupt and wooded. 
Snow drifts on the pond surface only on rare occasions. 

The snow board used was that devised by the author, 
consisting of a sheet of white beaver board, about 16 
inches square, With a layer of cotton flannel tacked on to 
the surface of the beaver board, nape u permost. After 

dried, and Eid on the surface of the new1 fallen undis- 

the snow fell niainly during. wind, and at  .a large angle 
to the vertical, often approaching the horizontal= 

Com arin the results’as shown in column 5, it will be 
noted %at &e aver8 e depth of snowfall, as determined 

determined from measurements taken in the overflow 
can of the raingage. In taking the readi , the gage 

and a Sam le cut out of the snow on the snow board by 

cutter, &en piclung up gage can and snow board together, 
so as to get a perfect sample in the gage can. The gage 
can was then again .weighed. An accurate torsion 
balance was used, rydung possible in all cases to deter- 
mine the water equvalent of the snow to the nearest 
thousandth of an inch of water. 

It will be noted that in ve light snow flurries, the 
amount caught on the snowyoard might be e ual to 

a fairly consistent percenta e. Much o f k i s  snow fe1 

of snow b o a 2  used was specially deslgned to simu ate 
a snow surface, and prevent meltmg, the results indicate 
that in very light snow flurries the snow board may give 
deficient results. Themost significant result is, however, 
the fact that for two months taken as a whole, the excess 
indicated by the snow board is 16 per cent as compared 
with gage-can measurmepta. T ~ I S  on a total winter’s 
snow precipitation of 12 mches amounts to round1 2 

T the pond 

a n i  the ond is bor % ered on the north by occasional 

each readin was taken, the snow boa rcQ was cleaned and 

turbed snow. In all the storms record e J  in the table, 

by the water equiva k ent, is 16 per cent more than that 

can was first weghed, the snow then remove ?r therefrom, 

invertin t 1 e gage can over the snow board, like a coohe 

or less than that ca ht in the gage can. In  all 1 eavier 

3 snows, the catch on 5 t e snow board was 

when the tem erature was a % out 3 2 O ,  and while the t pe 

eater, and b 

T 

inches, a fact which, if generally true, hel s to affor i? an 
explanation of the ap arent deficipcy o 1 winter. wa.ter 
losses, often observe 2 by companson of prmpitataon 
and runoff on streams where the runoff records appear to 
be above suspicion. 
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M. W. R., February, 1920. [To face p. 88.1 
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FIG. 1.-"Mountain" barometer and tripod, for use in determining elevations. 

FIG. Z.-Typical winter atmospheric-pressure curves for a 7-day period at New York City and at Panama. 

R I 

FIG. 1.-Overflow can and snow board. (A, snow board.) 
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Data, 1920. 

1 

Jan.17 ............................ 
19 ............................ 
#) ............................ 
24 ............................ 
25 ............................ 
a8 ............................ 

Feb. 7 ............................ 
12 ............................ 
16 ............................ 
20 ............................ 
22 ............................ 
a4 ............................ 
Tots1 .................................. 

Comparison of enowfall mtaaured b st42dard rain gage overjeow can 
and by anow board. Ewton dyybologic Laboratory, 1920. 

I Watar eqiiivnlent 
of mow. Ratio: Total Depth 

m snow 1 Board depth on 
board. an. ground. 

%I? E T .  
- , ~ - - ~  

S I 8  4 6 6 - - ~ ~ -  
h e l m  

I 
.......... 

.......... 
...... .......... 

---.- 

Y,, Y,, Y*,. - - .,Y . - 
If one of these values is smaller than both the precedin 

through a mbb.num. suppose we find, in the series,M 
such minima: should we attribute this result to some 
physical cause which tends to produce iK barometric 
minima in N days, or is it only such that it can be ac- 
counted for by the laws of pure chance ? We are thus led 
to the problem of determining how many minima should 
be found in a series of N numbers obtained b chance 

cable to maxima.) 
This  problem was investigated some time ago by 

Grosmm, '  who em loyed the method of vuktiom: 

sidered to be positive, negative, or zero, according as the 
following value is larger, smaller, or the same; the nu- 
merical values are then discarded, only the signs of the 
variations being retained. Evidently, a minimum is 
indicated by a negative variation immediately followed 
by a positive variation, or separated from the latter by 
an number of zero variations. 

and the following value, then the pressure has passe d 

selection. (Whatever conoerns minima is equa 9 ly appli- 

Given a series of. num t em, the variation of each is con- 

&osamann derives the formula 

Ub C c(c-l) +. ... M- jV'[l+N--i.+ (N- 1) ( N -  2) 
C! + -~ (N-1) (N-2) - - - - (N-c )  -1. 

where Mis the number of minima which should occur in 
a series of N chance values, u being the number of posi- 
tive variations, b that of the negatim variations, c that of 
the zero variations. If there are no zero vmiat,ions the 

1 L. Grossmann, DIe Aenderuug der Temperature von Ta EU Tag an dor deutsrhen 
Kwte, 8ua dem Archiv der Deutaeben Seewarte, XSLII J&ng, 1900, pp. 34-37. 

formula becomes iK=ub/N; and if, in addition, there rn 
as many ositive signs as ne ative, M =  N/4. 

set of N variations which comprises u positive signs and b 
negative signs is given by 

I,p realty, the most proba B le number, 2, of mimima in s 

but th is  value is practically equal to that given by Gross- 
m a d s  formula. 

11. 
If we assume the total number of signs to be infinitely 

great, it is possible to arrive, by the use of variations, 
at formulae for the number of minima by a method dif- 
ferent from that emplo ed by Grosmann. -4s a matter of 
faot, the original prob 9 emhas no mertning unless we we 
dealing with a very lono series, for the laws of ohance are 
applicable to large numgers only. 

Sup ose, then, that a sack contains BD infinite number 
of bals P marked with positive, negative, and equnlity 
signs, in such proportions that for any N b d s  there wih 
be OR the average a positive si ns, b negative, and c 
equality. The total number of falls being infinite, the 
pro ortions of the three kinds remaining in the sack after 
a 8 rawing has been made, no matter how many may 
already have been drawn, continue t o  be (a/N),  ( b / N ) ,  
and ( c / N )  ; then the ch;zacg for' drawirg a positive, ne a- 
tive, or equality si , are respectively ( u / ~ ) ,  ( b / ~ ) ,  (c/h - 
the probability o ? a minimum with no equality si& 
therefore becomes (n/N) ( b / N ) ,  that of a minimum mth 
one equality sign (u/N) ( b / N )  (c/N), etc. The probability 
of a minimum is therefore given by 

+- - -+. .... I + - + - + .  ... , c 6  $( N l P  
a b  a b c  a b $  -- -+- N N  N R R  N N N a  

and the number of minima is found by multiplying thia 
probability by N ,  

' ab  1 

This number does not differ sensibly from that iven by 

no equality signs, the two formu& become identical; 
however, in this case, taking account of the minima 
which occur complete, for two consecutive s ns the 

N-1 pairs of consecutive signs, and the number of 
minima becomes 

Grossmann, as long as N is very laroe. When t I ere me 

probability of a minimum is of course (ub/Na) ; t fi ere are 

Ub dl= ( N -  1)- Na 
If there are no equality s' ns in the series, then the 

minima is that where the two signs forming a maximum 
occur between the two siwns indicating the minima, thus: 
- + - + . We shall c& this a two-intervaz; the proba- 

shortest possible interval l% etween two consecutive 

bility of the occurrence of such ~t grouping is a$, and in 

a set of N signs the probable number of times it should 
a2 ba occur would be given b ~ ( N - 3 ) ~  since there are (N-3) 

sets of four consecutive signs. Similarly, the next 



90 MONTHLY WEATHER REVIEW. Mumy, 1920 

largest interval, the three-interval is caused by either of 
the grou ipgs - + + - +, - + - - +, and heiic:. 
its proba \ Jity is 

or the same as t,hat of the two-interval, and t,he probu- 

ble frequency becomes ( N -  4) - - N4 

The four-in,tm?al is brought about. by any one of the 
three groupings, - + + + - +, - + - - - + ,  
- + + - - +. The probability is 

a4ba a2b4 a43 d b 2  a?+a.h+bz -+-- + - = - 
.Ne N e  .h3 N4 NZ ’ 

and in a set of N signs it should occur a number .uf tirnrs 
equal to 

a%? (cc” + ub + b 2 )  

Ne (N-5) 

The law of format,ion of these espressioiis is obvious: 
Generally, the j-i,n.tawnZ should be encountered in a set. 
of N signs a number of times equal to 

(cri-z + oJ-36 + . . . . + hi-2 ) 
NfiZ 

(N-j-1) 
k 

If there be equal numbers of positive and negat,i-c-e signs, 
the probabilities of the respective intervals recluce to  
1 2  3 4  
- 2,, (=$), 269 Fj etc., and their €requencies to 

9 etc. N - 3  N - 4  3 ( N - 5 )  4(N-G) 
16 ’ - 16 ’ 64 ’ 128 
- 

111. 
There is, however, a second method by which ~ 7 e  may 

arrive at the formula required by our original mblem. 

equally probable, values, CI,, CI,? _ _  _ _  __,  n.,. Assunie that 
y, varying by chance, talrcs the successive values y‘, y”, 
y”’. What is the probability of there being a minimum 
at “1 

d!uppose, first, that n. is so great that the relative f r e  
quenc of the cases where - y’ or y”= y.”: is so smell 

. Thls double ine uality mav he satisfied 
y’’ 111 a yl’<r‘ num er of different ways. ?f y”=a.,, there are (WI 
possible values for y’ aa well as for y”‘ (the a.bove series of 

ossible values being arranged in numerical order), givin 
!+I), possible cases: if y”=ua, there are (n.-2?)2: i? 

=us, there are (n-3)?; etc. Finally, when y” has the 
yargest possible value, there is but one way of satis- 
fying the i n y e t y .  Then the total number of possiblc 
ways in whic the mequality may be satisfied is 

(71-1)2+(n-2)a+------ +la 

Let there be a variable, y, suscept;ible of n. c \ iffereiit, 

as to e negligible; then t f ’  iere - will be a minimuni wlien t 

I’ 

(n-1 )n (2n-1) = .____._. - 
G 

2d - 313 + n8 
6 

- - 

the h e  uality may be satisfied to the number of possible 

n, possible values of y” correspond n possible values of 
y’ and also of y’”, is evidently ns. The probability 
therefore becomes 

1 1 1  

or simply 4 if n is infinitely great; then, if y takes on a 
reat iiuniber, N, of successive values, there will be 

5l-2 groups of three successive values and we should 
find the m-ost probable number of minima to be 

cases o 4 different triads; this latter, since to each of the 

$-%+a’ 

N- 2 Af=----. 
3 

The formula of the method of variations gives as the 

N -  2 

As is seen, the formulae given by the two different 
methods are not the same. 

Consicler, now, the case where y takes on sereral 
successive values which are-equal to one another. A 
minimum remains characterized by three values which 
we shall continue to designate by y’, f’, y’”, such that 

number of minima 

M=-T. 

y l> y” <y”’, 

but now y“ is re eated X times. 

rnay be satisficd is alwap 
The number o P possible ways in which the inequality 

I 

(n-l)n(2n-l). 
6 

but now to each of the ,n? possible triads correspond nx 
possible arrangements with the X extra values of y” 
included, @in as the total number of possible different 
groups nX+3. diving to X its successive possible ralueg 
0, 1, 2 , - -  _ _  ~- aud summing the proho.bi.ZzEies, the proha- 
hility of a minimum becomes 

3 

- (n- l)n(2n- 1) m 72221~- 1) 
6na-- -= n-1 6n? 

- 
1 1  
3 Gn 

SI--. 

I t  is sufficient to multiply this probability by N in 
order to get the most probable number of minima one 
should encounter in a set of .N values of ?I; this follows 
from the mathematical definition of rob.ability. Then 

as found before. 
when n. is infinitely great the probabz li! $1 is $, the samo 

FREQUENCY OF VARIOUS INTERVALS BETWEEN TWO CON- 
SECUTIVE MINIMA--SECOND METHOD. 

Assume, first, that 9)- is so great that we may neglect 
the minima in which several equal values occur. 

i l l inirnwn followed 6y n 3wen. va,lu.e.-Coiisider tho 
group of three consecutive values, y’, y“, y“’, such 
that ?/‘>y’’<?/’’’, and let y’‘‘ be given equal to  an; 

The probability of the occurrence of a minimum is 
then the ratio of the number of possible ways in which 

then ,’I can take any one of the values cz1, ( t z , - -  _ _  _ _  I- 
a.m; if y”=ai, y’ can take any one of the remaining 
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n- 1 higher values; if #"=a,, y' can take any OZIC of t l k  
other n - 2  values; and so on, until when y " = a P l ,  !I' 
has n - p + l  possible values. The total number of 
possible arrangements is 

( n - l ) + ( n - 2 ) +  _ - - _  - - - -  + ( n - p + l ) .  

This sum is a function of ; it becomes equal to (.)I - 1) 
when p = 2 ,  to ( n - 1 ) + & - 2 )  when p - 3 ,  etc. Let 

(n- 1 )  + (71-2) + _ _  _ _  - - - - + (n -p+  1 )  = f i ( p ) .  
Min.i&um foRowed by two rises, of which the sccold caqi ba 

zero, t7u s m e s  ending in a 'ven vaZua.-Consider the 

that y'>y''<y'''<yiv, and let ylV be given equal toa. . 
Now, yf" can take any of the values ul ,  a?,- - - -ap .  ft 

is easily seen that the total number of possible arrange- 
ments giving us our required type of rmnimum is 

+f , (3 )  + - * - +fi(pI. 
Now let 

+ . - +f i (p> =f,(p). 

group of four consecutive v s ues, y', y", y"',yiv, such 

In the same way, ap lyin the last formula to the 
case of a minimum folfbwed by three rises, of which 
the last two may be zero, the entire series endin in thc 

in whicg such can be effected 
value a we find as the total number of possib f e ways 

last q-1 of w I icli may be zero, the series en 8 ing in tho 

preceded by rises, t % e first q-1 o f which may be zero, 
the initial v flf ue being ap. 

+f,(3) + - - - =f,(p) = f , ( p ) :  
and, generall , for a minimum followed by 

value czP, this number is 

rises, the: 

f*(P)' 
The same reaaonin evidently a plies to a minimum 

The value of ' ( p )  can readily be calculated with the 
help of the well- .f; nown formulas for the sums of the first 
n int ers, their squares, cubes, etc. 

-pl+(2n+l)p-211,  
We T ave 

A(P) = 2 

.UP) = Wfi (PI 

P 

-pa+3npa- (3n-1)p;  
6 

-p4 + (4n - 3)pa + p' - (4n - a l p ,  
'&(P) = 34 

etc. 
The probabilities of the various intervals can now bo 

calculafed. 
Tlie two-intend.-In the notation of the method of 

now being employed, the two-in.tPrin1 is 
roup of five consecutive values, y', y", y"', 
satisfy the condltions 

yf > y" <y"' > y"< y'. 

A minimum immediately follows and precedes y"' 
simultaneously. 

If ymtf'==aP the total number of possible ways of 

take any of the values a,, a,,... sa., , ;  hence t hl e ' total can 
satisfymg the above conditions is v 1 ( p ) l a ;  but 

number of possibilities becomes 
p-n [(21t+1)p-p?-2nla 

qz [fi (p>] l=  E,,* 4 

(4n5-10n4+ 10,+5n~+n).  =30 
The total number of possible sets of five values being 

n6, the probability of a minimum of this type is 

30 
or, since n is assumed indefinitely large, simply 2/15. 
Since in a set of N values of y there are 37-4 groups of 
five values, the most probable number of two-intervals 
is 

'-a z - (N-4). 15 

The three-intem.Z.-This interval is characterized by a 
group of six consecutive values which satisfy the condi- 
tions 

ail d 

Between the two minima we may have a rise and two 
falls, or two rises and a fall; the second of the two rises 
and the first of the two falls may be zero. 

We now get as the number of ways in which these 
conditions can be met 

y' > y" < y"', 

y" > y" <?/Vi. 

The negative term represents the number of cases in 
which y ' ' r = ~ z  these bein counted twice in the pre- 
ceding terms; it is negligi 6 le in comparison with the 
others because it gives a polynomial of de ee 5 in n, 
and when the above expression is divided l!? y ne to get 
the probability of the three-interval the quotient becomes 
zero when n becomes indefinitely 
bility sought for is therefore the GO cient of the term 
in n6 in the expression 

3rat. The proba- 

The vdue can, however, be found at once without 
calculation by notin that because of the mutual inde- 

interval is simply the square o that of a minimum, or 
1/9; then in a set of Nvalues, one should find +(N-5) 
three intervals. 

, of which 

in all d+s possible sets. how many of these possible 
sets d have minima in y" and in yj+,, and only in 
those places? 

Between the two minima separated by the j-interval 
there can be one rise and j-1 falls, two rises and j-2 
falls, and so on up to j-1 rises and one fall; any of these 
may be zero with the exception of the h t  rise and the 
last fall. 

f pendente of y'" an % y" the robability of the three 

each may be indi i-k erently a 4, _ _  _ _  --, a,,, &us making 
Now consider ' + 3  successive values of 
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The various cues furnish in all a number of poesibili- 
ties given by 

in which the terms equidistant from the ends are e ual. 

this exprmion bg 
Strictly speahng, some cases are counted several 

times in the above formula, vis, those in which the 
highest value between. the two minima is re eated 

large, the number of such casea is negligible rela- ZXy to that of the others; and that for n idbite,  the 
p r o b a w y  of the interval is 'ven simply b the coeffi- 

sum is expressed. 
It is perfectly practicable to calculate the value of 

this development; the computations for the intervals 
four, five, SIX, seven, and eight give for the respective 
probabilities 

2 1 4 1  2 
Q' a' 567' 525' 4455' 

Therefore, in a series of' N values of y, there should be 
found 

&(N- 6 )  fmr4ntwvab, 
&(N-7)  $p?-intmmb, 

The probability of the j-interval is obtained by &vi % 'ng 

several times; it is eaady seen, however, that i P n be 

cient of f l  in the polynomia ff in n by whic t the above 

&(N-8)  &?.&PIX&, 

&(N- IO) &h?4mb.  
*(N-9) 8 e v e & d d ,  

Theae results are in complete disagreement with those 
reached by the method of variations. We shall investi- 
gate the probable cause of the discrepancy later on. 

N. 
All of the receding work refers to the oase where the 

various possi le values of y are equall likely to occur. 
Su pose, however that the varia le y satisfies the 

well L o w n  law of dams or Normal Error Law; i. e., if 
a be the mean value, and 

B E 

z=y-a,  

then the robabilit of a value of y being suoh that z is 
compriset!within d e  limits z and z+dz is 

h 
-e -Wdz, 
J;; 

h being a constant peculiar to the variable. 

greater value z' is evidently given by 
The probability of a value z" being preceded by a 

Put  

It is known that the indefmite htegral u has the value 
3 for z==+oo, and 7 4  for a - - m .  The probability 
sought for may be wntten 

or 
u'+, -ut#, 

3( - 226" + 1). 
Now let us denote by P the probabilit that a value 

2"' will be preceded by a fall which is itst& preceded by 
a rise, or in other words that z"' will be preceded b ,a 
minimum in z". We have just calculated the Rro a- 
bility of a value z' precedin a lower value z - the 

2'' +&" is 
probability of a value falling % etween the limits 2'' and 

In  order to fulfill the conditions of our problem, dt  
can take on any value between z"' and - 00; henoe the 
probabilit sought for will be 'ven u on multipi 
together t E e two above probabifkes adsumming E 
- 00 to 2"': 

P, = J: (4 - w 
-4 (-421"f~+4ut"+3). 

Denoting by P, the probability that a vdue elr will 
be preceded by a minimum in 2' followed by two rises, 
we find in the same manner 

We see that this last expression o m  be deduoed from 
the preceding one by multiplyin the numerioal factor 

nomial by 6/3,6/2, and 6/1, then annexing the final term 5. 
If we work out the problem of the probability P oi a 

minim? follvwed by three risea, the numerical kctor 
of P, multi lied by 1/8,* the oodliciente by 8/4, 8/3, 
8/2, 8/1, and t I! e final term 18 7 .  

We can easily determine the law of formation of these 
ex resaions: 

fn the expression giving the numerical factor 
is e q d  to the product of that of Pi by 2i+2; the coefE- 
cients of the terms in u are equal to those in PI multiplied 
by the fractions whioh have for numerators 2i+2, and 
for denominators the successive integers decreasing to 1 ; 
the h a l  term is 2i+I. 

It ma be remarked that the probability of a value z 

as the probability of a value z eing preceded by a mini- 
mum and i rises. 

The probabilitiea of a minimum and of various inter- 
vals between minima may now be found. 

The probability of a value falling between z and 
z+& is du; the probability that this value will be pre- 
ceded by a fall, itself preceded by a rise, is 

PI-t (-4u2+4u+3) 
Multi lying the two probabilities together, then sum- 

the probability of a mmimum becomes 

P, =A( - 8 ~ ' -  + 1%'- + 18dT + 5). 

by 1/6, and the ooffiienta of t % e terpns in the poly- 

1 

B being fo K owed by i falls, then b a minimum, is the same 

ming 1; rom - m to + 00, since z has t b  range of values, 

eto, +* 
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Thus, the probability of a minimum does not de end 
upon h, and it is the same as in the cam where a1 r the 
values of the variable have equal probabilities. 

Reasoning as before, we find that the probability of 
two. consecutive minima being separated by the j-interval 
is givem by the expression 

P+ m 

If the calculations he carried qut , and j iven successively 
the values 2 , 3 ,  -- - _  etc., the same n u n  5 em are found as 
before. The same formulae for the number and the dis- 
tribution of minima, therefore, apply to both a variable 
which obeys the law of Gauss and one of which all 
values are equally probable. 

V. 
Three diflerent testa of both sets of formulae were 

carried out by counting the minima in sets of numbers 
wbich clear1 were obtained by pure chance. The results 
left no doutt but that Grossmann's formulse were in 
error, and that those of the second method were very 
close to the truth. Grossmann's formulse should not, 
therefore, be employed in meteorological work, for it 
might lead us to attribute to some systematic influence 
the departures which would in reality be due only to 
the workings of chance. 

if a variable is in- 
random, it does not 
of its variations will 

obe the laws of chance. 
dossmann considered also the probability of more or 

less prolonged rises or falls, and his methods and results 
have been used by other meteorologists; our second 
method leads, however, to entirely different formulse. 

Sup ose the variable follows the law of Gnuss; the 
formdm will also be a plicable when the variahle has a 

hobabililg( .f an SsoLted rise.-This conditim is 
given by four consecutive values such that 

lar e number of equ all! y robable values. 

by a rise, has g een calculated to be 

z' >z"' <z"' >z1v. 

The probabilit that z"' will be preceded by afdl,  then 

1 P p g (  - 4U"'2 +4u"' + 3 ) .  

The probability that, in addition, z f f f  be superior to zLV 
ma be obtained by multi 1 in P, bg the elementary pro g ability of iftf, viz, du" P Y  , and g summmg from ziv tom : 

Since gtv can now be anything from - m to + 00 , we must 
sum (p, du*v between those limits, giving ns our required 
probability 

P+a c 

Probnbddy of a series of two &?es.--Such a series is 
given by the grouping 

z f>z f f  <2'"<zlV>zV. 

The probability that ziV will be preceded by a fall, then 
by two rises, is, 

1 
48 P ~ = - ( - 8 U ' v 3 + 1 2 ~ ' v a + l ~ i v + 5 ) .  

The probability that, in addition, zlV wiU be greater than 
zv is 

c p ~  =&la( - 8uia +12uia +18uiV +5)du 

1 
384  = - (1 6 ~ "  - 3 2 ~ "  - 7 2 ~ "  - 4Ouv + 41).  

Finally, as zv can take on my value between - 00 and 
+oo , the required probability is 

11 
120 

Q2 dUv i --. 
These calculations may be extended to the higher cases 

with the aid of the dready formed expressions for 
PaJ P,.. etc. 

It is thus found that in a set of N values there should 
be found, as the most probable number, 

&(N- 3 )  single rises or falls, 
+&(N-d) series of 2 rises or falls, 
&(N- 5) series of 3 rises or falls, 
&(N- 6 )  series of 4 rises or falls, 
&(N-7) series of A rises or falls, 
&(N- 8) series of 6 rises or fds,  

x+( N -  9) series of 7 rises or falls. 
The fractsions figuring in the above table may be de- 

duced one from another in a simple manner: 
The numerators increase successively by 6,  8, 10, 12, 

etc., and the denominators are mult.ip1iec-l successively 
by 5, 6 ,  7 ,  8, etc. The list of probabihties can therefore 
e d y  be recalled and extended. A rerification of the 
preceding formiilae was made. 

VI. 
The formulae derived in this paper appear to satisfy 

all demands that can be made upon them for them 
ap lication to meteorology. 

Eor a rigorous companson it would be necessary, in 
any particular case, first of all to give the niathematical 
variable all  the characteristics ossessed by the natural 

its tendency to increase or decrease in value, this last 
bein0 left to the domain of chance. It is then a question 
wheher or not our formulae apply to a variable of the 
nature so determined, so that we may legitimately com- 
pare the mathematical results of clinnce with the obser- 
vational results of experience, and decide as to the exist- 
ence of a systematic influence. 

It seems to t.he writer that the only things which it is 
necessary to consider in this connection are (a) , the law 
of probability for the occurrence of the various possiblo 

variable being considered, and Y eave undetermined only 
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vdum, and (b), the mean variability, i. e., the mea11 WATERSPOUTS ON THE SOUTHERN CALIFORNIA COAST. 
dBerence between successive absolute values of the 
variable. “Visitors at the beaches (Port San Luis, Avila, Pismo, 

(a) Our formulae are exact in both the very different and Oceano) Sunday afternoon about 5 o’clock had the 
ortunity of observing,’’ says the San Luis Obispo 

they follow the law of Gauss, as w afl as in still different Xfune ,  “a most unusual phenomenon, that of an im- 
cases where all values are equally robable and where 

cases. Hence, it can not be doubted that they possess mense waters out traveling at a hi h rate of speed toward 
a very Fea t  degree of ’generality, and no matter what 
law which the quantities occurring in meteorological said to have been about 2,000 feet high, extending as 
applications might follow, the application of these formu- high as the clouds and s reading out into a fine mist. 
lae would not lead us into serious error; aa a niatter of 
fact, such quatitities usually follow the law of Gauss it was about 4 or 5 miles distant from the shore, and from 
quite closely. that time traveled rapidly until it broke on the beach 

(b) The successive values of the mathematical vari- between Shell Beach and the old Oil ort refinery. 
able are independent of one another, and the mean 
variability is #- times the mean departure; but for the stated that they had seen three spouts at one time, two 
meteor010 ‘c.d elements, particularly for a series of sue- of which were travelin in the direction of tho Pecho and 
cmive d vdues, the values are not indo endent, and 
the mean v&abilit is usually somewhat 858 than the one of those going towad Pecho, a n d r b a b  y covered 
above quantity.’ Hence we should impose on the free about 5 acres 111 area, according to the s h e m m ~ ”  
mathematical variable the su lomentav condition In describing these waterspouts the San Francisco Call 
that it have the same mean varia%#ity as has the element say :  

considered: unfortunatdy, one eUWUnterS here ti The phenomenon was followed by a tremendous downpour of rain. 
mat ematical di&ulty (also met with in the theory of Fishemen at sea north of the ort viewed the three spouta amul- 
an imperfect gM) whicl, has not yet been surmounted. taneonsly. AS they approac~iec~ t i e  &ore the two larger one8 mounted 

the headlands. but tho thiril was diverted. It swept arcnind the buoy fked the mem it would and proceeded acrow the bay at n speed estimated to be in excew of 40 
amount to admitting that the probability of the occur- miles an hour. 
rente of a value is a function of the preceding value, Water within a diameter of from 150 to 200 yards waa violently 
which is exactly contrary to the fundamental assumptiom @bM and wpemed to be sil’honed upward to a maea of clouds mme 

2,OOO feet above. As the spout approached the shore persons near which the Of robability resb, and according state that there was a tremendoiia roar. The funnel apparently de- 
to which all our formulae E ave been derived. tached i h l f  from the water and was clmwn graduelly up into the maes 

d overhan ing, ra idly mowing, cumulo-nimbiie clouds. Violent gusta 

hours. 
According to J. E. EiysOng. United States weather observer hrxe, the 

au aa weather control pnesed from an area of low to an area of high 
preseure. 
The spoub are the first to appear on this cos t  within the memory of 

the oldest inhabitant. 

the beach. +he spout was shape % like a funnel, and is 

The spout was first visib P e from Avila and Pismo when 

“Fishermen who landed at Avila P ater in the evening 

one toward Shell Beac, pi . The largest of the s Outs W&S P P 3 

b ~ Y  
If we 

However, the mem vdability does not play such 

siZZl le consideratians show that the introduction Of a 
bportrtnt rble aa it at first, sight Beem to and some of Wind fol P $  owed e appemnce of the spouta and continued for several 

!!i con $l ’tion reducin the mean variability somewhat would apmta were due to the overrunning of surface sir by B layer of colder 
not modify the in ications of our formulse. 

logfque de France, 1906, p. la. 
a. ommu, sur v s ~ ~ ~  de la wmmtm, ~~w de la whu ,,,6uom 

INFLUENCE OF THE WIND ON THE MOVEMENTS OF INSECTS. 

By WILLIE EDWLN HUED. 
[Weather Buucau, Wssbington, Jan. 6,lsaO.l 

The weather perha s has more to do with the control And yet the facts do not always bear out such a coiiclu- 

signiiicance of this meteorological aapect is varied. more capable of forcing itself against the air current 
Cold, heat, rain, hail, humidity, drought, sunshine, than is the heavy locust or the more projectile-like 
electricitv, and wind are factors. Temperature, rain, beetle. 
and wind movement a p  of utmost economic importmce. The dispersion of insects by means of winds is a matter 
Sudden cold and rain in early summer may more or less of constantly increasing a icultural im ortance. It 

members of what would otherwise rove to be a vast and as i t  affects the agricultural staples, so does i t  vita I 
swarm of destructive crop eaters. &ought may retard interest all of us, who need to be fed and clothez 
or destroy numbers of insects in their metamorphoses. The question was formerly more discussed b the student 
Frosts at  the moment of appearance of the imago may of geographical zoology, as it affected his p I! an regarding 
wreak untold disaster to the tender brood. And pre- the spread of a ty e of life from region to region within 

of movement of many injurious species a t  the time of for instance, is believed in some scientific circles to be 
their seasonal advance 8.8 to cause or avert great eco- descended from tho survivors of an African swarm of 
nomic disasters. identical genus which, following more or less passively 

Thus the winds may upon ocmsions become tshe ma- in the steadv currents of the northeast trades, succeeded 
mount issue of life or death €or the little fliers of our . in mossiythe Atlantic Ocean. 
fields and orchards. When we see butterflies and other The flig ts, or migrations, may be largely voluntary, 

of insect life than a /i other factors combined, and the sion, since in reality the unsteady buttedy is much 

f interests tho farmer inasmuc r as it may d$ct his cro s; 

coasts or across t € e seas. The South American locust, 

completely destroy the incubating or newly hatched 

vailiig winds may so accelerate or retard the direction 

largewin ed, small-bodied insecta flutterin hither and though n good quite the opposite. In 
an important part, and 

mpression is stron that any extended flight of such most insects the direction of the 
to quarter the 

yon, bu f f  eted about in the air on a win % y day, the nearly all cases 

creatures must co 2 orm with the direction of the wind. air currents, 


